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ABSTRACT 

The family of rout ines  designated as COHORT w a s  recoded i n  FORTRAN-IV 

language and several improvements were made i n  t h e  rout ines  i n  order t o  

increase  t h e i r  e f f i c i ency  and t o  widen t h e i r  range of app l i ca t ion  t o  

r ad ia t ion  heat ing and t r anspor t  problems. Every e f f o r t  w a s  made t o  dis-  

cover and co r rec t  a l l  coding e r r o r s  i n  the  updated vers ion of COHORT and 

t h e  accuracy of t he  ca l cu la t iona l  methods used i n  t h e  code w a s  checked 

out through comparisons of r e s u l t s  from test problems with d a t a  from 

other  ca l cu la t iona l  methods. 

A discussion of t h e  modifications made t o  COHORT and comparisqn of 

r e s u l t s  from t h e  FORTRAN-IV vers ion of t he  code with da ta  from o the r  

ca l cu la t iona l  methods are given i n  Volume I of t h i s  repor t .  U t i l i z a t i o n  

i n s t r u c t i o n s  f o r  the  FORTRAN-IV version of t h e  primary source generator  

rout ine,  S o l ,  t he  secondary source generator  rout ine ,  S02, and the  t a p e  

read rout ine ,  CO1, are contained i n  Volume 11. U t i l i z a t i o n  in s t ruc t ions  

f o r  t h e  h i s t o r y  generator  rout ine ,  H01, and t h e  tape  s o r t  rou t ine ,  J O 1 ,  

are contained i n  Volume 111. U t i l i z a t i o n  in s t ruc t ions  f o r  t h e  two 

ana lys i s  rou t ines ,  A01 and A02, a r e  contained i n  Volume I V .  

f i i  
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I INTRODUCT 

C , 1 & 2 ) i s a g  

designed t o  ca l cu la t e  t h e  r a d i a t  

pos i t i on  wi th in  a complex geometry system such as a nuc rocket  s tage.  

The f l e x i b i l i t y  of fe red  i n  geometry desc r ip t ion  and the  ana lys i s  rou t ines  

provided i n  t h e  COHORT program f a c i l i t a t e s  t h e  app l i ca t ion  of t h e  program 

t o  a wide range of sh ie ld ing  and r ad ia t ion  t r anspor t  problems. 

The set of seven codes comprising the  COHORT program was developed and 

coded i n  FORTRAN-IT. a t  t h e  Nuclear Aerospace Research F a c i l i t y  operated 

by General Dynamics/Fort Worth. The program"was converted t o  FORTRAN-IV 

by personnel a t  NASA L e w i s  Research Center and t h e i r  attempted use of the  

program indica ted  t h e  need f o r  f u r t h e r  checkout. 

The purpose of t h e  work reported i n  t h i s  document w a s  t o  complete t h e  

checkout of t he  FORTRAN-IV vers ion  of t h e  COHORT program and t o  improve 

t h e  method used t o  input  c ros s  sec t ion  da ta .  

w e r e  made i n  the  coding t o  increase  t h e  e f f i c i ency  of t h e  program. 

Several  o ther  minor changes 

A 

de ta i l ed  discussion of t h e  improvements made i n  t h e  COHORT program i s  

given i n  Section 11. 

Several problems w e r e  run t o  check t h e  v a l i d i t y  of t h e  improved ver- 

s ion  of t he  COHORT program and a discussion of these  problems i s  given 

i n  Sect ion 111. 

Some of t he  improvements made i n  t h e  COHORT program required t h a t  

e input  da t a  formats. The u t i l i z a t i o n  i n s t r u c t i o n s  

een r ewr i t t en  and are included i n  Volumes 11, 
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I1 MODIFICATIONS TO COHORT 

made t o  t h e  

Modifications made to’COHORT include t h e  removal of t he  requirement 

t h a t  c ross  s e c t i o n a l  da t a  be input  a t  equal ly  spaced energy po in t s  within 

a given energy super-group. 

problem may be divided i n t o  several i n t e r v a l s ,  each of which is designated 

I n  COHORT t h e  energy i n t e r v a l  f o r  a given 

as an energy super-group. The t o t a l ,  s c a t t e r i n g  and elastic cross  sec- 

t i ons  f o r  neutrons o r  t he  t o t a l ,  Compton p lus  p a i r  production, and Compton 

cross  sec t ions  f o r  gamma rays  can now be input  f o r  up t o  100 a r b i t r a r i l y  

spaced energy poin ts  wi th in  any super-group. 

mains i n  t h e  program t h a t  f o r  a given super-group, t he  set of energy 

poin ts  used i n  def ining t h e  c ross  sec t ions  must be t h e  same f o r  a l l  

elements. The energy po in t s  a t  which c ross  sec t ions  are input  are read 

i n t o  memory each t i m e  t h a t  t h e  c ross  sec t ions  f o r  a given element are 

read-in. The energy poin ts  read-in f o r  each succeeding element are 

s to red  i n  t h e  same memory loca t ions  used f o r  t he  previous element so 

t h a t  energy po in t s  f o r  t h e  c ross  sec t ions  read-in f o r  t h e  last element 

are used as t h e  energy po in t s  f o r  a l l  elements. Cross sec t ions  f o r  any 

given energy are ca lcu la ted  by loca t ing  t h e  two input  energy po in t s  

t h a t  bound t h e  energy of i n t e r e s t ,  and in t e rpo la t ing  l i n e a r l y  between 

The requirement s t i l l  re- 

energies  t o  obta in  t h e  c ross  s e c t i o n  f t h e  energy of 

A searching scheme w a s  developed and included i n  t h e  pro- 

cate the  two energy po in t s  i n  a given super-group t h a t  bound 

the  working energy. Rather than comparing t h e  working energy with 



each energy 

the  working 

of t h e  
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poin t  within t h e  supe than 

energy i s  found 

set en 

etc. then loca t ing  t 

working energy. The two energy po in t s  bounding t h e  working energy 

may be determined with a maximum of seven search e above 

scheme. I f  a point-to-point search scheme had been used, t h e  number 

of searches required t o  l o c a t e  t h e  two energies  bounding the  working 

energy would be approximately equal t o  ha l f  of t h e  number of energy 

poin ts  wi th in  a super-group. 

2.2 Geometry Modification 

Addit ional  modif icat ions t o  COHORT r e su l t ed  i n  the  genera l iza t ion  

of t he  geometry t o  include sur faces  of revolu t ion  about a l i n e  parallel  

t o  the  Z a x i s  and planes of a r b i t r a r y  o r i en ta t ion .  

viously allowed only sur faces  of r o t a t i o n  about t h e  Z axis and planes 

The program pre- 

normal t o  one of t h e  axes o r  normal t o  the  XY plane. 

i n  t h e  COHORT geometry r equ i r e  t h e  input  of two add i t iona l  parameters 

f o r  each boundary i n  t h e  boundary descr ip t ion  t ab le ,  

These two changes 

The equations f o r  def in ing  sphe r i ca l ,  hyperbolic,  e l l i p t i c a l ,  

parabol ic ,  conica l  and c y l i n d r i c a l  sur faces  are given below: 

2 2 (1) (X-XF) -I- (Y-YF)2 - AF(Z-ZF) - CF = 0, 

(2) (X-XF)2 + (Y-YF)2 - AF(Z-ZF) = 0, 

(3) Jo" + (Y-YF)2 - AF(Z-ZF) = 0, and 

ara defined i n  Volume 

11. 
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AF*X+YF*Y+CFaZ-YF = 0 where AF, ZF, CF and XF are input  parame 

2.3 

During the  checkout of the  A02 ana lys i s  rou t ine  i t  w a s  discovered 

t h a t  t h e  f l u x  i n  a region between t h e  last c o l l i s i o n  poin t  and an outs ide  

boundary w a s  being underestimated. 

su l t ed  from the  f a c t  t h a t  t h e  c o l l i s i o n  da ta  had been recorded on t h e  

h i s t o r y  tape  f o r  t h e  last c o l l i s i o n  before  escape and t h a t  no means 

were ava i l ab le  f o r  determining t h e  path length from t h i s  c o l l i s i o n  t o  

the  outs ide  boundary. This e r r o r  was  cor rec ted  by a modif icat ion t o  

t h e  H01 rou t ine  s o  t h a t  t h e  poin t  of escape would be wr i t t en  on t h e  

h i s to ry  tape  as a pseudo-collision. The weight assigned t o  the  p a r t i c l e  

a f t e r  c o l l i s i o n  f o r  pseudo-collisions w a s  zero. The A02 code now com- 

putes  the  t r ack  length between the  last c o l l i s i o n  poin t  before  escape 

and the  escape poin t  which i s  t h e  pseudo-collision point .  

This underestimate i n  the  f l u x  re- 

The A01 and SO2 rout ines  were modified so t h a t  they now dis regard  

c o l l i s i o n  d a t a  on t h e  h&st 

weights a f t e r  c 

tape f o r  those c o l l i s i o n s  with zero 

a1 o ther  minor mod were made i n  t h  COHORT program 

t o  ove t h e  e f f i  program. The va r i ab le s  l i s t e d  i n  t h e  

C d DIMENSION s re e more e f f i c i e n t  

i n  the  H01, A01 and A02 codes interchangable.  
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111 VALIDATION OF COHORT PROGRAM 

To e s t a b l i s h  t h e  v a l i d i t y  and t o  demonstrate t h e  v e r s a t i l i t y  of t h e  

COHORT program, several comparisons have been made between COHORT da ta  

and t h a t  generated by o the r  methods. 

t he  r e s u l t s  obtained are presented i n  the  following discussions.  

The ca lcu la t ions  performed and 

3.1 Energy Deposit ion i n  Liquid Hydrogen 

An H01 problem w a s  run t o  c a l c u l a t e  t h e  hea t  deposited i n  a l i q u i d  

hydrogen s l a b  due t o  a 7 Mev plane p a r a l l e l  neutron source inc iden t  normal 

t o  t h e  s l ab .  

are compared with Bur re l l ' s  da t a  f o r  t h e  same problem (Ref. 3). 

curve i n  Figure 1 represents  a smooth curve drawn through Bur re l l ' s  da ta .  

The c i r c l e d  po in t s  i n  Figure 1 were obtained by dividing the  H01 energy 

deposi t ion per  region by t h e  region thicknesses  t o  g ive  the  energy de- 

pos i t i on  i n  units of Mev/cm and these  d a t a  w e r e  then converted 

-3 -1 t o  BTU/in -sec . The good agreement between t h e  two sets of d a t a  

ind ica t e s  t h e  accuracy of t h e  COHORT program i n  ca l cu la t ing  neutron 

energy depos i t ion  a t  l a r g e  depths i n  l i q u i d  hydrogen. 

I n  Figure 1 t h e  r e s u l t s  of t he  4200 h i s t o r y  H01 problem 

The 

-3 -1 -sec 

A second comparison between COHORT da t a  and Bur re l l ' s  ca l cu la t ions  

of neutron energy depos i t ions  i n  l i q u i d  hydrogen w a s  made t o  test t h e  

app l i ca t ion  of t he  exponent ia l  transformation a v a i l a b l e  i n  COHORT. I n  

t h i s  case the  energy deposi ted by 2 Mev neutrons inc iden t  normal t o  a 

l i q u i d  hydrogen s l a b  w a s  ca l cu la t ed  i n  t h r e e  separate COHORT problems. 

I n  the  f i r s t  problem no exponent ia l  t ransformation w a s  appl ied.  In 

the  second t h e  pseudo cross  s e c t i o n  i s  given by t h e  expression 
- 
c = (1 - .5y) 

where c is the  pseudo cross  sec t ion  used i n  s e l e c t i n g  path lengths ,  

i s  the  t r u e  c ros s  sec t ion ,  and y i s  t h e  d i r e c t i o n a l  cosine measured from 
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Fig. 1 Heat Deposition vs Depth in Liquid Hydrogen Slab due to 7.0 MeV Normal Incident Plane Source 
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- 
t he  normal i n t o  t h e  s l ab .  When y is  negative,  C i s  set equal  t o  C. 

I n  t he  t h i r d  problem the  pseudo cross  sec t ion  used i n  t h e  s e l e c t i o n  

of pa th  lengths  i s  given by the  expression 
- 
C = C(l - .9y) 

Resul ts  of t he  th ree  COHORT problems are compared with a smooth 

Bur re l l ' s  curve drawn through B u r r e l l ' s  da ta  i n  Figures 2, 3 and 4 .  

repor t  g ives  h i s  r e s u l t s  only t o  a depth of 33 inches,  therefore ,  h i s  

da ta  were extrapolated t o  60 inches t o  compare with t h e  COHORT da ta .  

The exponential  transformation a f f ec t ed  t h e  r e s u l t s  as an t ic ipa ted .  

When no exponential  transformation was applied,  Figure 2,  a l l  h i s t o r i e s  

were terminated before  reaching a depth of 35 inches.  By applying the  

exponential  transformation, sampling a t  the  l a r g e r  depths was  improved, 

Figures 3 and 4 ,  The g r e a t e r  s t r e t ch ing  of pa th  lengths ,  Figure 4 ,  

d id  not  produce a s i g n i f i c a n t  improvement over t h e  r e s u l t s  shown i n  

Figure 3, however. The r e s u l t s  shown i n  Figures 2, 3 and 4 support t h e  

conclusion reached by Jones (Ref, 4 )  i n  h i s  i nves t iga t ion  of t he  expo- 

n e n t i a l  transformation as used i n  t h e  FMC and SPARC codes where he found 

t h a t  t h e  Monte Carlo ca lcu la ted  q u a n t i t i e s  were i n s e n s i t i v e  t o  the value 

of b i n  the  equation c = CT(l - by) f o r  values  of b g r e a t e r  than some 

minimum value. It i s  evident  from the  r e s u l t s  shown i n  Figures 3 and 4 

t h a t  f u r t h e r  improvement i n  t h e  r e s u l t s  a t  depths between 30 and 60 

inches w i l l  no t  be obtained by using a value of b>0.5. 

r 

3.2  Thermal-Neutron Absorption i n  Concrete 

A series of COHORT problems were run t o  c a l c u l a t e  t he  absorpt ion 

of thermal neutrons i n  a concrete  s l a b  due t o  a normally inc ident  thermal- 

neutron plane p a r a l l e l  source. For these  problems s c a t t e r i n g  w a s  assumed 
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Fig. 3. Heat Deposition vs Depth in Liquid Hydrogen Slab due to 2.0 MeV Normal Incident Neutron 
Plane Source (z=Z (1-.W)) 
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Fig. 4. Heat Deposition vs Depth in Liquid Hydrogen Slab due to 2.0 MeV Normal Incident Neutron 
Plane Source @=2(1-.97)) 



t o  be i s o t r o p i c  i n  t h e  laboratory system with no energy degradation. 

The absorpt ion-to- total  c ros s  s e c t i o n  r a t i o  w a s  .013. An H01 problem 

was run, allowing a maximum of one hundred c o l l i s i o n s  pe r  h i s t o r y ,  t o  

c a l c u l a t e  t h e  energy deposi t ion as a funct ion of depth i n  a 6 6 . 4  cm 

t h i c k  concrete  s l ab .  The number of neutrons absorbed pe r  cm a t  a given 

3 depth i n  t h e  s l a b  w a s  computed by dividing t h e  energy deposited pe r  cm 

as t h e  r e s u l t  of absorpt ion a t  t h a t  depth by t h e  energy of t h e  neutron. 

3 

The r e s u l t s  of t h e  H01 ca l cu la t ions  are compared i n  Figure 5 with those 

obtained from a DTF one-energy group, S16 ca l cu la t ion ,  reported by 

Maerker and Muckenthaler (Ref. 5). The comparison with t h e  DTF r e s u l t s  

i s  good t o  about 15 mean-free-path lengths .  A t  t h e  l a r g e r  depths 

COHORT tends t o  underpredict  t h e  DTF r e s u l t s .  The H01 r e s u l t s  i n  

Figure 5 were ca l cu la t ed  without any a p p l i c a t i o n  of t h e  exponential  

transformation. 

3.3 Thermal-Neutron Albedo f o r  Concrete 

Maerker and Muckenthaler have a l s o  reported Monte Carlo calcula-  

t i o n s  of t h e  d i f f e r e n t i a l  thermal-neutron albedo f o r  concrete  s l abs .  

The A02 a n a l y s i s  rou t ine  of COHORT w a s  run t o  ob ta in  t h e  thermal-neutron 

current  r e f l e c t e d  from a 66.4 cm t h i c k  concrete s l a b  f o r  comparison w i t h  

t h e i r  values.  The A02 calculated thermal-neutron cu r ren t  r e f l e c t e d  from 

t h e  s l a b  as a funct ion of t h e  angle  measured from a normal t o  t h e  s l a b  

was converted t o  neutrons p e r  s t e r a d i a n  and t h e  r e s u l t s  are presented 

i n  Figure 6 where they are compared with the  thermal-neutron albedo as 

ca l cu la t ed  by Maerker and Muckenthaler. 

The average number of t r a c k  lengths  pe r  region i n  t h e  concrete s l a b  

w a s  obtained from t h e  A02 a n a l y s i s  rout ine.  These d a t a  were converted 
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Fig. 5. Thermal Neutron Absorption as a Function of Depth in a Concrete Slab due to a Normal Incident 
Plane Parallel Source of Thermal Neutrons 
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t o  neutron absorpt ion by d iv id ing  by the  thickness  of t h e  region and 

multiplying by the  absorpt ion c ross  sec t ion  f o r  thermal neutrons.  The 

neutron absorpt ion versus  depth i n  t h e  s l a b  as ca lcu la ted  with A02 w a s  

then compared with t h a t  ca lcu la ted  with H01 and it w a s  observed t h a t  

t he  two codes pred ic ted  almost exac t ly  the  same r e s u l t s .  

Secondary Gamma-Ray Dose Rate Albedo 3.4 

A comparison w a s  made with the  r e s u l t s  of a Monte Carlo calcula-  

t i o n  reported by Maerker and Muckenthaler t o  determine the  neutron 

capture  gamma-ray dose albedo f o r  a 66.4 cm th i ck  concrete  s lab .  The 

SO2 rou t ine  w a s  run t o  analyze t h e  h i s t o r y  tape  from the  H01 thermal- 

neutron problem and t o  produce a capture  gamma-ray source t ape .  

of capture  gamma-ray h i s t o r i e s  were generated with H01 using the  source 

tape  from the  SO2 rout ine.  F ina l ly  the h i s t o r y  tape  from the  H01 prob- 

l e m  generat ing t h e  secondary gamma-ray h i s t o r i e s  w a s  analyzed with the  

A02 ana lys i s  rou t ine  t o  produce t h e  capture  gamma-ray cur ren t  r e f l e c t e d  

from t h e  s l a b  as a funct ion of energy and angle. 

capture gamma-ray cur ren t  w a s  converted t o  dose rate per  s t e rad ian  and 

t h e  r e s u l t s  are compared i n  Figure 7 with t h e  angular d i s t r i b u t i o n  of 

A set 

The A02 ca lcu la ted  

t h e  dose albedo as given by Maerker's and Muckenthaler's a n a l y t i c a l  

expression f o r  t h e  capture  gamma-ray cur ren t  d i f f e r e n t i a l  dose rate 

albedo p e r  i nc iden t  thermal neutron. Their expression is 

dD 

dS1 0 
2 = (1.03 + 1 . 0 5 6 )  1,.,12/3*1~-7 

where p is the  cosine of t h e  inc ident  angle  of the  thermal neutrons 

and 1-1 is the  cosine of t h e  r e f l e c t i o n  angle  of t h e  capture  gamma rays.  

0 

3.5 Plane Monodirectional Source i n  I n f i n i t e  Medium 

A problem designed t o  c a l c u l a t e  t he  r ad ia t ion  i n t e n s i t y  as a func- 

t i o n  of d i s t ance  on e i t h e r  s i d e  of a plane monodirectional monoenergetic 
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1.6 

source i n  an i n f i n i t e  medium was run using COHORT. Sca t te r ing  i n  t h e  

i n f i n i t e  medium w a s  assumed t o  be i s o t r o p i c  with no energy degradation. 

The sca t te r ing- to- to ta l  c ros s  sec t ion  r a t i o  w a s  taken t o  be 0.5. 

8 and 9 show a comparison of t h e  COHORT r e s u l t s  with those reported by 

Beach et a l .  (Ref. 6) f o r  t h e  one ve loc i ty  neutron d i f fus ion  problem. 

Figures 

The r e s u l t s  reported by Beach e t  al .  were ca lcu la ted  using Fourier  t rans-  

form techniques t o  obta in  "exact" so lu t ions  of t h e  one-velocity neutron 

d i f fus ion  problem f o r  both plane p a r a l l e l  and p l a i n  i s o t r o p i c  sources.  

Figure 8 shows comparisons of t he  t o t a l  i n t e n s i t y  on t h e  forward s i d e  

of t he  source plane and Figure 9 shows comparisons of t h e  i n t e n s i t i e s  

behind the  source plane. 

w a s  divided i n t o  a series of a l t e r n a t i n g  t h i n  and t h i c k  semi- inf in i te  

s l a b  regions p a r a l l e l  t o  and on e i t h e r  s i d e  of t he  source plane.  The 

H01 code w a s  used t o  c a l c u l a t e  t h e  energy deposi t ion i n  each of t hese  

regions and the  energy deposi t ion w a s  converted t o  neutron i n t e n s i t y  by 

dividing the  energy deposited by the  thickness  of t h e  region and t h e  

energy of t h e  monoenergetic source. The COHORT r e s u l t s  f o r  t he  t h i n  

regions which were0.1of  a mean-free-path length t h i c k  are indica ted  

For the  COHORT problem t h e  i n f i n i t e  geometry 

= p o i n t s  i n  Figures  8 and 9. The COHORT r e s u l t s  f o r  t he  

th icker  regions are given in t h e  form of histograms, The s t a t i s t i c a l  

f l uc tua t ions  f o r  t he  th i cke r  regions are less than those obtained f o r  

t h e  th inner  regions,  and therefore ,  the  histograms compare more favorably 

with Beach's da t a  a t  the  l a r g e r  dis tances .  

3 . 6  Point  I so t rop ic  F iss ion  Neutron Source i n  A i r  

A COHORT problem w a s  run t o  ca l cu la t e  t h e  neutron f l u x  as a func- 

t i o n  of d i s tance  from a poin t  i s o t r o p i c  f i s s i o n  neutron source i n  an 

i n f i n i t e  medium of air .  The r e s u l t s  of the  problem are compared i n  
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Figure 10 with t h e  r e s u l t s  obtained when the  same problem w a s  run using 

t h e  K-74 Monte Carlo code (Ref. '7) .  The f luxes  obtained from both cal- 

cu la t ions  were mul t ip l i ed  by 47rr , where r is the  source receiver separa- 2 

t i o n  dis tance.  I n  t h e  COHORT ca l cu la t ion  the  H01 and A02 rou t ines  were 

used t o  c a l c u l a t e  t h e  t r a c k  lengths  i n  s p h e r i c a l  s h e l l  volumes loca ted  

a t  r a d i a l  d i s t ances  of 100, 300, 750, 1200, 1500 meters from t h e  source 

point .  Track lengths  pe r  region were then converted t o  4ar2 t i m e s  t h e  

f l u x  by d iv id ing  by the  thickness  of t h e  sphe r i ca l  s h e l l  region. The 

agreement between the  two ca l cu la t ions  is reasonably good except f o r  t h e  

poin t  a t  100 meters where COHORT overpredic t s  t h e  K-74 r e s u l t s  by about 

40 percent .  

3.7 Two Mev Poin t  I s o t r o p i c  Gamma-Ray Source In A i r  

A COHORT problem was run t o  provide r e s u l t s  f o r  comparison with 

K-74 da t a  f o r  a 2 Mev po in t  i s o t r o p i c  gamma-ray source i n  an i n f f n i t e  

medium of air. The comparison of t h e  da t a  obtained from t h e  two d i f f e r -  

e n t  ca l cu la t ions  are shown i n  Figures 11, 1 2  and 13. The K-74 r e s u l t s  

a r e  f o r  5000 h i s t o r i e s .  Some d i f f i c u l t i e s  w e r e  experienced i n  reading 

the  H01 h i s t o r y  tape  when running t h e  A02 a n a l y s i s  rou t ine  and only 525 

h i s t o r i e s  were analyzed i n  t h e  COHORT output .  The agreement between the  

K-7'4 and COHORT r e s u l t s  is  very good consider ing the  s m a l l  number of h i s -  

t o r i e s  analyzed with the  COHORT code. Figure 11 shows a comparison of 

47rr t i m e s  t he  t o t a l  gamma-ray f luxes  a t  f i v e  receiver p o s i t i o n s  loca ted  

a t  d i s t ances  equivalent  t o  180, 700, 1000, 1200 and 1500 yards from the  

2 

source point .  The r e s u l t s  of the  two ca l cu la t ions  are wi th in  approxi- 

mately 10 percent  of each o the r  except a t  t h e  1500-yard pos i t fon  where 

COHORT overpredic t s  K-74 by a f a c t o r  of 2,7.  Figures 1 2  and 13 show a 

comparison of t h e  energy f luxes  a t  each of t h e  f i v e  r ece ive r  pos i t i ons .  
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Smooth curves were drawn through the combined COHORT and K-74 points 

for each receiver to help in distinguishing which gets of data points 

pertain to each of the receiver positions. More significance was 

attached to the K-74 points in drawing the smooth curves since the 

larger number of histories run with K-74 produced results with less 

statistical fluctuation. Note that for all but the largest source 

receiver distance, the COHORT points are fairly well distributed above 

and below the smooth curve indicating that the differences between the 

two sets of data are due to statistics. 

3.8 Neutron Differential Number Spectra in Water 

A problem was run with the H01 and A02 routines to calculate the 

differential number spectra at several distances from a 6-Mev point 

isotropic neutron source in an infinite medium of water. 

data are compared with moments method data (Ref. 8) in Figures 14 

through 18. The comparison is reasonably good for penetration distances 

of 10, 20 and 30 cm, but for 60 cm, the COHORT results are somewhat 

erratic. The erratic behavior of the COHORT data at a penetration dis- 

tance of 60 cm is probably due to the small sample size (5040 histories) 

used and to the fact that no biasing was applied to obtain better sta- 

tistics at penetration distances out to 60 cm. In the COHORT calculation 

the source particles were all started along the Z axis and the track 

lengths in spherical shell regions were recorded to give the differential 

number spectra at the different receiver positions. 

The COHORT 

A comparison of the spatial distribution of the fast-neutron dose 

rate as computed by both moments method and COHORT is presented in Figure 

18. It is seen that the COHORT calculation underpredicts the moments 
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Fig. 18. Fast Neutron Dose in Water: 6 MeV Point Isotropic Source 
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method data by about 20% at penetration distances greater than 20 cm. 

It is believed that the differences between the COHORT calculations 

and moments method data can be attributed mainly to differences in the 

cross sections used. 
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IV CONCLUS I 

accurate r e s u l t s  f o r  a broad range of r ad ia t ion  

The COHORT program i s  versatile i n  t h a t  i t  w i l l  

and secondary gamma r a d i a t i o n  t r anspor t  within complex geometries. 

checkout problems shown i n  Section I11 

metry problems. It is recommended t h a t  the  COHORT program be t e s t e d  

using more complex geometric configurat ions.  

The 

f o r  t h e  most par t  s i m p l e  geo- 

I n  the  process of checking out  t he  COHORT program seve ra l  possi-  

b i l i t i e s  of increasing the  e f f i c i ency  of the  program w e r e  discovered 

but  were not ac ted  upon due t o  the l imi ted  amount of t i m e  and funds t o  

perform the  checkout. One such p o s s i b i l i t y  i s  t o  modify t h e  A01 and A02 

ana lys i s  rou t ines  t o  preserve the  140 p a r t i c l e  p e r  batch s t r u c t u r e  t h a t  

is employed i n  t h e  H01 rout ine  and t o  remove t h e  necess i ty  of so r t ing  

h i s t o r y  t a p e s  before  using them i n  t h e  ana lys i s  rou t ines ,  

t i o n  would do away with the  need f o r  t h e  t a p e  s o r t  rou t ine  and would 

o f f e r  considerable  t i m e  savings when running problems involving more 

than one energy super-group. 

This modifica- 

Another recommendation is  t h a t  a set of l i b r a r y  decks be prepared 

containing c ross  s e c t i o n  information €or  those  elements most commonly 

found i n  t h e  materials used i n  r eac to r s  and r eac to r  shielding.  The 

a v a i l a b i l i t y  of t hese  l i b r a r y  decks would g r e a t l y  reduce t h e  amount of 

t i m e  required t o  prepare t h e  input  da t a  f o r  t h e  COHORT program. 
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